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ABSTRACT 


Spre»ad spectf'uia technique with its Inherent interference 
attenuation capability, has ever the years become an increasingly 
popular technique for use in many different systems. In the 
present work, we have exploited the multiple access capability of 
the technique. A code division multiple-access (CDMA) system is 
not only used in military communications, but it also has varied 
commercial applications. Direct sequence technique has been 
chosen to achieve spreading and despreading the signal. Gold 
codes were used as direct sequences. Two separate transmitters 
for voice and data were developed. The receiver has been designed 
using Delay Lock Loop (DLL) technique. Hardware for transmitter 
was implemented and a software program for studying the 
performance of DLL receiver was developed. 
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CHAPTER -1 


INTRODUCTION 

In present day communications, situations arise, when it 
becomes necessary for a communication system to resist external 
interference, to operate with a low energy spectral density, to 
provide multiple-access capability without external control, or to 
make it difficult for an unauthorized receiver to observe the 
message. In such a situation, it may be appropriate to sacrifice 
the efficiency (in terms of bandwidth utilization) aspects of the 
system in order to enhance these other features. Spread-spectrum 
technique offers a way to accomplish this objective. 

The use of spread spectrum (SS) technique originally was 
confined to military communications and this application is still 
predominant. However, scenario is fast changing and a number of 
non-military applications are now increasing. Infact, there is 
growing interest in the use of this technique for mobile radio 
netowks (radio telephony, packet radio and amateaur radio) and 
timing and positioning system etc. 

In a SS system information signal is spreaded over a wide 
frequency band, much wider than the minimum bandwidth required for 
transmission of information. On the receiver side, signal is 
despread and original information signal is recovered. A typical 
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spread spectrum (SS) digital communication system can be modelled 
as shown in Fig. 1.1. 

In SS system, information signal is modulated with the help 
of a pseudo-random pattern and its bandwidth is expanded. On the 
receive side this very pseudo-random pattern is used to collapse 
the information signal into its original bandwidth. In other 
modulation scheme like FM, we expand the signal bandwidth but that 
is not spread spectrum technique. Because in spread spectrum 
technique spreading la achieved by a pseudo-random code, 
independent of information signal. This very nature of spread 
spectrum offers certain advantages, some of which are discussed in 
the next section. 

l.a APPLICATIONS OF SS TECHNIOUE 

Some of the common applications of SS system are for 

(i) Antijam capability 

(ii) Interference rejection 
(ill) Multiple access capability 
<lv) Multipath protection 

(v) Covert operation or low probability of intercept 

(vi) Secure communication 

(vii) Ranging. 

Spread spectrum system resists the effects of 
intentional jamming. This anti jam capability was, in fact, the 
primary reason for early consideration of spread spectrum 
communication by the military. 




Fio. 1.1 A typical spread spectrum (SS) digital 
communication system. 
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An application of spread spectrum that is also of interest 
to the military is that of covert operation or low probability of 
intercept. In this case it is desired to maintain a signal 
spectral density that la sufficiently small so that its presence 
is not readily detected. 

One of the most important application is usually referred to 
as multiple access. The need for multiple access arises when a 
number of independent users are required to convey their messages 
through a common facility. An example of this is satellite 
communication system in which all message from ground stations 
must pass through a common satellite repeator. Another such 
application is ground-based mobile communication in which mobile 
vehicle must communicate with a central base station. Another 
application of spread spectrum is usually referred to as selective 
calling. In a sense selective calling is the inverse of multiple 
access, that is, there is a central station that must communicate 
with a number of different receiving points and its wishes to do 
so on a selective basis. The message is for one receiving point 
and should not be received at other receiving points. An example 
of such a system might be ground-based radio system in which there 
is a central station that la communicating with a number of mobile 
receivers. 

A characteristic of spread spectrum that is of particular 
interest in mobile communication la tha ability of a wide— band 
signal to resist the effect of multipath fading. A property of 
multipath fading la that frequencies separated by only a few 
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hundred kilohertz may fade essentially independently. Thus at any 
given time when the signal has a large bandwidth, only a small 
portion of the bandwidth will be in a fade. The average received 
signal power thus can be made more nearly constant than it would 
be for narrow-band signal. This resistance to fading is an 
Important consideration in the potential application of spread 
spectrum to mobile communication situations. 

Another advantage of using spread spectrum lies in its 
ability to accomodate a secure communication system. If codes are 
made sufficiently complex, it becomes very difficult to break 
them, and for unauthorized listerns to determine what the message 
actually is. 

A final application of SS lies in its ability to yield 
accurate distance information. It is well known that a 
broad-band signal can be resolved in time much more precisely 
than a narrow-band signal. Thus by transmitting a signal with a 
large bandwidth, it is possible to measure delay times much more 
accurately and obtain more accurate range information. This is of 
importance in radar and navigation systems. 

A more comprehensive description of some of the above 
applications Is given in Chapter 13 of [1]. 

1.3 TYPES or SS SYSTEM 

On the basis of modulation method spread spectrum system can 
be classified in following types : 
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(i) Direct sequence 
(il) Frequency hopping 

(iii) Time hopping 

(iv) Chirp 

(v) Hybrid forfits. 

1 . 3. 1 Direct Sequence 

A typical direct-sequence transmitter is illustrated in Fig. 
1.2. It contains a PN code generator that generate the 
pseudonoise sequence. The binary output of this code generator is 
added, modulo 2, to the binary message, and the sum is then used 
to modulate a carrier. 

In the direct sequence receiver the received signal is 
despread correlating it which locally generated code sequence. It 
is important to achieve synchronization at the receiver. Uhen 

synchronization is achieved, the output is simply the message. 
This is followed by the message demodulator. A typical DS, spread 
spectrum system receiver is shown in Fig. 1.3. 

1 . 3. 2 Frequency Hopping 

In this method, transmitter is made to change from one 
frequency to another frequency in a pseudo-random manner, 
determined by a code sequence. The block diagram of a 
frequency-hopping transmitter is shown in Fig. 1.4. Frequency 
hopping is accomplished by means of a digital frequency 
synthesizer, which in turn is driven by a PN code generator. 








Received 



Fig, 1.3 DS spread spectrum receiver 









Fig, 1.4 FH spread spectrum transmitter 
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In the FH receiver, a PN code identical to that one used at 
transmitter is used to generate a local reference signal. Uhen the 
code generator controlling the frequency dehopping is in correct 
phase, the information is retrieved. Block diagram of a typical 
FH receiver is shown in Fig. l.S. Code tracking is achieved by 
means of an early-late gate which is used to maintain a small 
timing error. 

1 . 3. 3 Time Hopping 

Time hopping can be viewed as a form of spread spectrum 
which spreads the information in time slots and employs a burst 
transmission within the time slot. In this sense, it can be 
interpreated as dual of frequency hopping technique. This 
technique might be useful when a requirement is to operate the 
transmitter at high peak power but with a low duty .factor. The 
selection of the slot in which the transmitted pulse occurs is 
controlled by a PN code generator. Block diagram of TH 
transmitter is shown in Fig. 1.6. 

In the receiver the code tracking is performed on the data 
transitions by means of conventional bit synchronisers. Block 
diagram of TH receiver is shown in Fig. 1.7. Time hopping by its 
very nature is like time division multiple access technique and 
provides strong interference rejection from a nearby transmitter 
during its off time. 



Received 



Figi 1.5 FH spread spectrum receiver 








Drt ta 



Fig, 1.6 TH spread spectrum transmitter 








signal in 



Fig, 1,7 TH spread spectrum receiver. 




Data 
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i . 3. 4 Chirp Spread S^tectrum 

A chirp spread-spectruA utilizes linear frequency modulation 
of the carrier to spread the bandwidth. This is a technique that 
is very common in radar systems. The relationship between 
frequency and time are shown in Fig. 1.8, in which T is the 

duration of given signal waveform and B is the bandwidth over 
which the frequency is varied. It is also possible to use 

nonlinear frequency modulation. 

1 . 3. S Hybrid Spread Spectrum S^steift 

The use of a hybrid system attempts to capitalize upon the 

advantage of a particular method while avoiding the disadvantage 

of it. Many hybrid combinations are possible, some of these are 
DS|FH 
DS|TH 
FHjTH 
DS { FH { TH 

Implementation of hybrid forms are complex. 

1.4 THESIS OUTLINE 

SS system was first developed around the second world war. 
Originally SS technology was primarily meant for military 
applications and hence much of the literature was not readily 
available about research and development in SS technology. A 
comprehensive history of the development in SS techniques is 
presented by R.A. Scholtz [2]. 
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Since the last decade SS techniques are getting attention 
for non-military applications also, and a lot o£ research effort 
to put this technology for commercial applications are underway. 
Research is aimed at commercial exploitation of SS techniques like 
mobile radio network, satellite applications and broadcasting 
operation. Appropriate pseudo-random codes are developed. 
Properties of PN code sequences are studied by P.V. Sarwate etc. 
[3]. For multiple access communication system, bound on number of 
user are developed [4], and performance criterion for multiple 

access communication system is developed [5]. Mobile radio 

network system are also developed. A such system is reported by 
Urs Grob et al. [4]. A system exploiting the broadcast 
capabilities of SS system is reported by E. Geranlotes et al . [7]. 

Development of Integrated circuits (IC*a) for SS systems are also 
attempted [8]. 

Inspite of recent research, practical implementation of SS 
system is not upto the level. Practical implementations is not 
much published in literature. In India, SS system is developed by 
SAC Ahmadabad. In our department also, a DS spread spectrum 
system was developed [9-10]. 

Aim of the present work is to exploit the capability of 
multiple access in SS system. For above purpose, a direct 
sequence (DS) spread spectrum system is reported in this thesis. 
Gold codes are used to spread the data. Information data of 6i 
kbps is modulated with a PN sequence of 4 Mbps. System is designed 
for less them seven users. NO RF modulation has been attempted. 
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Receiver uaed in present work is of delay locked loop (DLL) type. 
A software program la developed for studying the receiver 
structure . 

The work is organised under following chapters. 

In Chapter 2, fundamentals of DS spread spectrum system are 
discussed. Properties of PN codes are discussed and a receiver 
structure is presented. A specific multiple access application is 
discussed . 

In Chapter 3, system development is reported. This chapter 
discusses the performance criterion of multiple access system. 
Structure for Gold codes are discussed next and a set of Gold 
codes of order 13 are developed. Receiver structure based on 
delay locked loop (DLL) is discussed towards the end of the 
chapter . 

In Chapter 4, system realization is presented. In this 
chapter we have described the transmitter hardware. Software 
program for receiver is also described in this chapter. 

And, finally in Chapter S, concluding remarks regarding the 
aystem are presented. Suggestion for further development in the 
system are also contained in this chapter. 

Appendices includes the circuit diagram of various 
sub-systems alongwith the software listing. 



CHAPTER - 2 


DS SPREAD SPECTRUM SYSTEM 

spread spectruia technique is a means of transmission in 
which the signal occupies a bandwidth in excess of the minimum 
necessary to send the information; the band spread la accomplished 
by means of a code which is independent of the data. At the 
receiver this very code is used synchronously for despreading the 
data. There are many advantages for spreading the information 
spectrum, for example, Antijamming, Antiinterference low 

probability of intercept. Multiple access. High resolution ranging 
etc., at the cost of increase in bandwidth and additional 
complexity. Some of the techniques for bandwidth spreading were 
discussed in the last chapter. One of them, namely, direct 
sequence method offers simplicity in design and implementation, 
hence, we will confine our discussion to direct sequence (DS) 
method for spreading the data. 

&.1 DS SPREAD SPECTRUM SYSTEM 

Here we discuss direct sequence (DS) spread spectrum system. 
In the DS spread spectrum system the Incoming data bits are 
modulated with a pseudo noise sequence. A simplified block 
schematic is shown in Fig. 2.1(a). 

Here at the transmitter, information data bits are added to 
high speed code sequence and resultant spreaded data is used to 




Block schematic of DS Spread Spectrum System. 
Timing diagraqi. 











modulate an RF carrier. Hodulator la a 
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digital data modulator 
(DDM), for example BPSK, QPSK, MSK etc. Timing diagram of the 
ayatem la ahown in Fig. 2.1(b}. 

If information ia represented by d(t) and apreading code by 
p(t) then the transmitted signal will be 

S (t) = y2 P dCt) p(t) cos to t (2.1) 

t; c 

where f^ ia the frequency of RF carrier and P ia power of carrier. 

Suppose the data ia modulated by the r.f. carrier (i.e. no 
apreading) the single aided power spectral density of modulated 
data signal ia given by 

^d^^^ “ J Sinc^ (f - f^) T (2.2) 

where T : bit duration of data. 

The spectrum gets modified i£ the information is spread 

before modulation then the single sided power spectral density of 
spreaded signal is 

St(f) = I Sinc^ (f - f^) T^ (2.3) 

where T : bit duration of code. 
c 

Both the power spectral densities CS^j(f) and S^(f)) are plotted in 
Fig. 2.2. It is evident that bandwidth of the information is 
increased by T/T^. This la called the processing gain 




ig, 2.2 Power spectral densities of data and of 
spreaded signal. 
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T 

TT 


®SS 

V 


where B « Bandwidth of the spreaded data 

B B 


Bjj = Bandwidth of the information data 


(2.4) 


The increase in bandwidth provides various advantages 
mentioned earlier, like protection against finite power 
int erf erring signal. The underlying principal is that of 
distributing a relatively low dimensional data signal in a high 
dimensional invironment [11]. The standard detection problem in 
communication involves transmission of H signalling waveforms. 
The transmitter select one of the waveform every T sec. to provide 
a data rate of log^H/T bit/sec. Ue say that the signal set s(t) 
(n signals) is D dimensional if the minimum number of orthonormal 
basis function required to define all the signal is D i.e. 


D 

^i^*^ ~ 2 ^ik ° ^ t •£ t for 1 :£ i ^ M (2.5) 

k=l 

where 

T 

Sik = I 


and {4i (t)) 1 i k S D is an orthonormal basis set spanning the 

Ic 

signal space such that 


T 



I = m 
I m 


( 2 . 6 ) 


o 
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D is approximately equal to 2BT where B is total bandwidth 
(approximate) of the signal set. Spreading increases the 
dimensionality of the signal set (large 2BT). Therefore, if noise 
is a jammer with a fixed finite power, then spreading the signal 
bandwidth forces the jammer to distribute its finite power over 
larger number of dimensions, thereby reducing the effect of 
jamming [11]. 

Consider, received signal in a system 

r(t) = d(t) p(t) + J(t) 0 < t < T (2.7) 


d(t) : one data bit of duration T 
p(t) : spreading code 

J(t) : jamming signal with jamming power Ej 
and 


T 

EJ = J J^Ct) dt C2.8) 

o 

If a receiver is a simple correlation receiver, the 
correlated receiver output would be 



T 


T 

J r(t) p(t) dt 
o 


T 

= d(t) + J JCt) pet) 

o 

where E. : bit energy. 
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Now, probability of error [11] 



CO 

Q(3C)» J 

X 


-L. 


dy 


where n ia proceaaing gain . 


( 2 . 10 ) 


Therefore, processing gain can be seen as a multiplier of 
the "signal to jamming" ratio. Spreading the spectrum provides 
protection against broad-band Jammer with a finite power Pj. 
Consider a system that transmitts bit /sec. designed to operate 
over a bandwidth Hz over a AUGN channel with power density 

U/Hz. For any bit rate R 


E P PE 

LNoJ ■ NOjj - Pj, R 

A 

where Pg = R = signal power 


( 2 . 11 ) 


A 

Pjj = ®*o®SS “ Noise power. 
Then for rate R^, minimum required 



( 2 . 12 ) 


This is an expression for an ordinary case with no int erf erring 
signal. Now if a jammer with finite power Pj appaers, (we are 



already transmitting at the maximum rate R^) then the modified 
expression for would be 
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f bl _ s SS 

l^NoJ actual " Pj,+ Pj 


N j 


« & 

= UJ.; 


O' min 



N 


N^’^j 



min 



actual 



min 


N 


In +P./B 
o y 



(2.13) 


Term 


as E__ increases, thereby, retaining the performance, we had 
SS 

before Jammer appeared. Fig. 2.3 shows the required value of 
processing gain needed to achieve the stated bit error 
probabilities for different [^^1- 

a.a PN SEQUENCES 

Ideally one needs purely random sequence to spread the data. 
But to deapread the data we have to generate the replica of this 
sequence, thus purely random sequence becomes impractical. In 
practice, therefore, we use pseudo-random or pseudo-noise (PN) 
sequence so that the following properties are satisfied : 



Pj/fi , jamming margin, dB 
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(I) They have properties close to randosi ness 

(II) They have long period 

(III) They are difficult to construct from a short segment. 

Maximal length linear feedback shift register (LFSR) sequences 
possesses property (11) and most of properties (1) but not (111). 

In addition, they are easy to generate. One canonical form of a 
binary LFSR is shown In Fig. 2.4. 

Coefficient a^ are binary (0,1) and are chosen according to 
the primitive polynomial in GF(2). Recursive relation is given by 

N 

k=l 

Basic equation of the register sequence Is 

f(x) is the characteristic polynomial of the register 
and this decides the connections In LFSR. g(x) depends on the 
Initial condition of the register. C(x) Is the generating 
polynomial and Its coefficient la the generated sequence. For 
generating maximal length sequence, f(x) must be a primitive 
polynomial i.e. it should be irreducible polynomial in GF(2), and 
must divide x^ "^+1 then the period of ML sequence will be 2-1. 
Properties of ML sequence are 

1) There la an approximate balance of zeros and ones (number of 
= number o£ and 1)- 


onaa 




3 

•o 
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II) In any period, half of the rune of consecutive zero or ones, 
are of length one (1), one fourth are of length two etc. 

III ) Auto-correlatlon function Is 

f 1 forT=0, L, 2L... 

R^Ct) = \ 

v-l/L otherwise 

N 

where L = code period =2-1. 

Auto-correlatlon function Is plotted In Fig. 2.5. Also 
shown Is the frequency spectrum of ML sequences. If L is very 
large, the spetral lines get closer together, and for practical 
purposes, the spectrum may be viewed as being continuous [11]. 

a. 3 RECEIVER STRUCTURE 

In order to recover the Information at receiver the receiver 
generates PN sequence In synchronism with the received bit 
stream. The locally generated code has to be synchronized, both 
In frame and bit timing. The principle sub-blocks of a receiver 
are : 

(I) Acquisition loop 

(II) Tracking circuit 

(III) Data recovery circuit 

Fig. 2.6 shows the block schematic of synchronization system. 
Here the received signal is first locked into local PN signal 
generator using the acquisition circuit and then kept In 



(b) 


Fig, 2,5 Autocorrelation function and frequency 
spectrum of ML sequences. 



Fig. 2,6 Block scheiaatic of synchronization 
system. 







. 32 


synchronism using the tracking system. Finally, data ia 
demoulated 

(i) One popular method of acquisition is the sliding correlator. 

In this system a single correlator is used. Initially, the 
output phase k of the local PN generator is set to k = 0 and 
a partial correlation is performed by examining X- chips (X-T 
time). Then the correlated output ia compared to some 
threshold value (V^) and then if the correlator output falls 
below threshold, k is set to k = 1 and process is repeated 
with progressive value of k, till Integrator output exceeds 
V^, This technique ia illustrated in Fig. 2.7. 

(11) Once acquisition, or coarse synchronization, has been 
accomplished tracking or fine synchronization takes place. 
One of the technique ia shown in Fig. 2.8. Here, two 

separate correlators are used which are driven by two local 

code reference signals. They are identical but one is 

delayed version of the other. The amount of delay between 
the two local codes is usually one or two bits. Error 
signal is the difference of the outputs of the two 

correlators. Generated error signal drive the clock to 
align the locally generated code. Other method used in 
Tau-Dlther tracking. It is a simple variation of DLL. 

(ill) Uhen locally generated code sequence is aligned with the 
received signal, the signal is multiplied (modulo 2 adder) 
with the tracked PN sequence. Resultant is passed to the 
digital data.**ffiodulator and massage ia retrieved. 




Fig. 2,7 The sliding'^- correlator 





Fig. 2.8 Delay-locked loop for tracking direct 
sequence PN signals. 
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Acquisition time depends on the length of the correlator 
(X chips). In turn X depends on the desired probability of 
synchronisation error. In the sliding correlator, for the worst 

case, we may have fc = 0,1,2, and 2*^-1. If during each 

correlation, X chips are examined then worst case acquisition time 
will be 


T 


acq. 


max 


L 

2 XNT 
~ c 


Hean acquisition time for sliding correlator is given by [11] 


P 

P 

L 


T 

avg 

D 

P 


= [lC*. - 


(1-Pp) 




[ZLCX . 


XT P„ 
c F 


ci-p, 



probability of acquisition 
probability of false alarm 

Additional chip required after incorrect decision. 


Acquisition time depends upon the intended application. 
Rapid acquisition is needed for present day communication 
applications . 


Tracking circuit keeps the offset time t small. If the 
error in tracking is t then input to data demodulator is p(t) 
p(t+T) d (t) cos + S). Demodulator removes the carrier and 
average the remaining signal. The result is p(t)p(t+T )dCt) . 
Thus, amplitude of data has been reduced by p(t)p(t+T) and 
effective SNR at receiver decreases, therefore, prob. of error 
increases. Thus, error in tracking must be very small [11]. 
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2.4, DS CODE DIVISION MULTIPLE ACCESS 

Tli* two most coflunon multiple access techniques are frequency 
division multiple access (FDMA) and time division multiple access 
(TDMA). In FDHA, all users transmitt simultaneously but use 
disjoint frequency bands. In TDMA, all users occupy same RF 
bandwidth, but transmitt sequentially In time. In code division 
multiple access (CDMA) technique users translmltt simultaneously 
In time occupying same RF bandwidth. 

In DS - CDMA, each user Is given Its own code which Is 
approximately orthogonal (l.e. has low cross correlation) with 
the codes of other users. If codes can be found whose cross- 
correlations approach zero and whose auto-correlatlon are the 
energy of the signals, distinct multiple signals can be 
transmitted. The receiver can detect the desired signal while 
rejecting all other signals which do not match the code pattern. 
The key problem In DS CDMA Is to find optimal codes. 

A typical system configuration la shown In Fig. 2.9. 

Received signal Is 
N 

r(t) » J A^ d^(t - T^) p^(t - T^) cos (<^^t+d^) + n^Ct) (2.14) 
1=1 

where <lj^(t) = message of 1 th user 

p^(t) = spreading sequence waveform of 1 th user 


* amplitude of 1 th user 
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T. = random time delay of i th user waveform distributed 
uniformly in C0,T] 

61. = random phase of i th carrier distributed uniformly 

in [0, 2n] 

T = symbol duration 

= additive white Gaussian noise. 

Assuming receiver is correctly synchronized to kth user than 
0 and - 0 . Then correlator output at receiver 

T 

«(T) = f J £•(*) Pjj(t) dt 

o 

N T 

“ T 2 ^i *^1^^ ~ **^1^ *^i^* ” "^i^ cos(d^) dt 

i = l o 

ip^k 

T 

+ Y J “o^ (2.15) 

o 

where double frequency terms has been ignored. Second term of 
equation (2.15) la the contribution due to the other users and 
this should be minimized. Therefore, the cross-correlation of 
codes should be minimum. Third term is due to while noise present 
in the channel. We shall look for methods which will minimize the 


effect of the second term. 
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In this chapter we diacuaeed fundamental aspects of DS 
spread spectrum system. Then we discussed one specific 
application of SS in multiple access system. Basic structure for 
transmitter and receiver were discussed. Uith this much 
background, in next chapter we will develop the specific system 
suitable for multiple access application. 



CHAPTER - 3 


SYSTEM DEVELOPMENT 


In the laat chapter, we discussed some o£ the fundamentals 
of DS spread spectrum system. In this chapter we will develope 
the structure of various sub blocks for CDMA system. A simplified 
block diagram of CDMA system is shown in Fig. 3.1. 

Here, two separate PN codes are used to spread voice and 
data. Both spreaded signals are transmitted over a common 
communication channel. On the receiver side, voice or data is 
demodulated depending upon the PN code used in receiver. Signals 
other than desired one behave as noise in the channel and, hence, 
degrade system performance. Thus, number of users becomes upper 
bounded. Constraint on number of users will be discussed in this 
chapter. Suitable PN codes will also be discussed. 

3.1 PEIU^RMANCE COWSI DERATIONS OF CDMA 

Number of users that can be accomodated in a DS CDMA system 
is a design parameter. In the last chapter, we discussed model 
for DS CDMA system and an expression for correlator output at 
receiver was obtained (eq. 2.15). Second term of this equation 
represents the signal from other users which can be considered as 
interferring noise so far as the signal for desired user is 



oculator 
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concerned. ha the number of users increases the int erf erring 
contribution due to this term increases which in turn adversely 
affect systems performance. Therefore, we can not increase the 
number of users beyond a certain limit. This limit is determined 
by the required system performance. 

The effect of other users in the receiver matched to the 
desired signal is to be modelled. The chip rate is assumed to be 
much higher than the data rate. The code length is assumed to be 
sufficiently long so that at most one period of code occurs during 
each bit duration. Uhen the code division sequences are purely 
random, the above assumptions allow us to conclude that effect of 
other users can effectively be modelled as gaussian random 
sequences . 

Uhen PN sequences are employed, situation is however 
somewhat more complex. During each bit period, the effect of each 
of the other user consists of a partial cross-correlation between 
the code sequence of the other users and that of desired signals. 
In fact, when BPSK data modulation is used, the effect of each of 
the other users may consist of the sum of two such partial period 
cross-correlations [5]. Partial cross correlatlbn of the sequence 
p. and p. over a period t. is defined as 

X Ka * 

A 

*ik * 7 -f ”1 “ ■ ■'l’ 

o 
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Ueber et al . [5] give the upper and lower bound on the 
probability function for PN sequencea and Gold aequences. They 
conclude that for the aet of Gold aequencea of degree 13, effect 
of the aum of other uaera in the receiver matched to the deaired 
aignal can effectively be modelled aa a Gauaaian random variable. 
Ue uae Gold aequencea of degree 13 in our work. Baaed on theae 
aaaumptiona, aignala due to other uaera are nothing but additive 
white Gauaaian noiae ao far aa the deaired aignal ia concerned. 
The bit energy to noiae denaity ratio ia obtained aa [5] 

5=1 

{ ‘ r 1 “l } 

° i=l '' 

s 

where repreaenta the actual aignal energy per data bit to 

the one aided noiae power apectral density (PSD) for the receiver 
matched to deaired aignal when n users are present 
repreaenta the bit energy to single aided noise denaity that would 
have been obtained for a single user 

P^ is power of the deaired user 

Pjj^ la power of the i th user 

ot. = P,/P 
i i' o 

T. a chip time or pseudo random code bit period. 

He want the performance of the n user system to be same aa 
performance of single user. For above purpose we have to increase 
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required value o£ (E^^/N^) sinfile 


user Is 


K''“o] 




n~x 

{ 1 * 1 “1 


“ {K'“o]:' * <='‘ [ 2 “i]}" 


(3.2) 


where G = processine gain = = T /T . 

C. £t £S C 


Now setting required SNR can be 


solved 


K'"o] 


<V"o5l 


(3.3) 


1 - 1 “I 


So, increase in (E^^/N^) to maintain same probability of error can 
be considered as degradation factor (DF) and is defined as 




(3.4) 


(Sb/M.), .1 - 

•>0 1 1 - G \e^/N^)i I «i 


It can be observed from eqn. (3.2) that as number of users n 


increases decreases 


in order to keep 
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hence probability o£ error, constant. But ultimately, however, no 
amount o£ Increase In can o££set the Increase In term 


nfl 



1=1 

This results In limitation on number o£ users. 


Now, let all the n users have same power so oi^ = 1 £or all 1 


from 3.4 


DF = 


1 - G'^ (n-1) CE^^/N^)l 


from 3.2 


C^b/No^n = — 7=T 


(V”o>R 


1 + G * (V"o^E 


for large values o£ 


lim 

CE^/N^)^ - “ 




G 

n-1 


n 2 


Define, multiple access capacity factor (MACF) as 


MACF 


CN-1) 




-1 

R 


If MACF > 1 then can be achieved by Increasing 

but If MACF < 1 then no value of (Ej^/N^Jj^ will give desired value 

of (Ejj/N^)^. So number of users are limited by condition MACF > 

1 . 


In thl. work 0 . H (.i^ = i HHn, Da« -^at* “ '*• 

probability of error ' 
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(®b/" 


o] 


n 


10.5 dB = 11.22 


MACF 


64 

iFT 


( 11 . 22 ) 


=> n - 1 £ 5.7 

=> n < 6.7 => n < 7 


Thus, the number of users are upper bounded by 7. For increasing 

n we can increases the processing gain G. A plot of HACF and DF 

with number of users is shown in Fig. 3.2. Curve shows the two 

-5 -6 

cases for F^ = 10 and 10 clearly, we can trade off the with 
the number of users. It is also evident that higher value of 
processing gain (G) can accomodate larger number of users. 

3. 2 GOLD CODES 


One of the design objective in demodulation is to minimize 
the effect of interference due to other users. For this, we 
require codes which have uniformly low cross-correlation values 
i.e. for any two codes P', P" of code set 


R 


P'P’ 


(T) 


1 

k=l 


P ’ 


P 

*^kT 


should be << 1 for all values of t. Here L is code length. 


Gold codes are such codes, hence, are suitable for CDMA 
application. The underlying principal of these codes is based on 
the following theorems <12, Chapter 11, Page 550-552). 




Fig, 3,2 System Performance for n equal power 
users. 
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Theorem 1 


Let f(x) 

and g(x) 

be a preferred pair of 

primitive 

polynomials o£ 

degree n 

whose corresponding shift 

register 

generate maximal 

length sequence of period 2*^-1 and whose cross- 

correlation function R(k) 

satisfies the inequality 



- (n+1) 
r ^ 9 

• + 1 for n odd 


|RCk)| ^ 

(a 2^ 

+ 1 for n even, n 0 mod 

4 


then the shift register corresponding to the product polynomial 
£(x) g(x) will generate 2*^+1 difference sequence, each of period 
2*^-1 and such that the cross-correlation of any pair satisfies the 
above Inequality. 

All 2*^+1 distinct codes are called Gold codes and are of 
period 2*^-1. 

Above mentioned preferred pair of primitive polynomial can 
be generated with the help of following theorem. 

Theorem S 

Let f<3C) be a primitive polynomal of degree n such that n is 
not divisible by 4. Let a be a root of f(x), that is, f(oi) 

Let g<x) be the Irreducible polynomial such that 

a 

a 


* is a root of gCx) for n even. 



ccoss c ocir 6 1 &{ i, on function of {li6 S6(]u6nc6 $6n6r'&{6<l by f(x^ 
and s(x) aatlfies following inequalities ; 
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RCk) j 

(n+l)/2 

<2 +1 

for n odd 

RCk)l 

Cn+2)/2 

S 2 +1 

for n even and n J* 0 rood 4 


3. 2. 1 Balance Gold Codtc 

A balance code is one in which the number of "ones” exceeds 

the number of "zeros” by one only. In DS CDMA we need balanced 

codes but not all of the above discussed Gold codes are balanced. 

— * 1 

Number of balance Gold code is 2 +1. Balanced Gold codes are 
generated by selecting the proper relative phases of the two 
original maximal sequences. 

Initial conditions for balanced Gold codes are [12]. 

If fCx) be desired polynomial then define h(x) 


hCx) 


d(x f(x) 


n odd 


s £(x) + n i* 0 mod 4 

' ' dx 

then initial conditions are obtained by long division of hCx)/fCx) 
to provide the first n coefficients, which are, in fact, the n 


initial conditions. 
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The Inlti&l 0011(11.111.0113 £oif the shift csglstsc coct'sspoiKllng 
to eCx) subject to the constraint that the first stage 

contains a zero. 

3. a. a Realization of gold Code 

Configuration of Gold code generator Is shown In Fig. 3.3. 
By changing the initial conditions of g(x) shift regsiter (subject 
to constraint of zero In first stage). Ue can generate number of 
balanced Gold codes (Infact 2 +1 codes) which can be used for 
different users. 

In this work, n = 13, number of balanced Gold codes is 
2^^+l = 4097, Period of code sequences Is = 2^^-l = 8191. Let 
the primitive polynomial of order 13 be [13] 

3 4 13 

£(x) = 1 + X + + X* + 

Since n is odd, root of preferred pair polynomial g(x) 

2 ^ ^5 


From the table of polynomial, we get 

^ ^ 7 9 10 12 
gCx) = l+ x + x+ x+ x+ x+ x +x + 

Initial conditions for register 2 (corresponding to 

■f.-r 

g(x)) 


1 + X + 


2 4 

X + X 


5 7 ^ 8 . 10 . ..11 

X + X + X + X 


+ X 



polynomial 


then the desired code configuration Is shown In Fig. 3.4 
scheme has been implemented. 


This 







Fig, 3,4 Balanced Gold code of length 2 













3.3 DELAY LOCK LOOP 


The delay lock loop la a aonllnear feedback ayatem which 
employe a form of croaa-correlatlon in the feedback loop. Loop 
tracka the time varying phaae of the receiver apreading waveform 
p(t ” *^d^ ’ function T^(t) denotea the receiver eatimate of 

•a 

^<1 alwaya function of time. The received 

signal conaiata of the spreading waveform Vf p(t - T^) with power 

d 

P and additive white Gauaaian noise n(t) with two-aided power 
spectral density U/Kz. 

S^(t) - -/f p(t - T^) + net) 

Fig. 3.S is a conceptual block diagram of the tracking loop. It 
conaiata of a phaae discriminator, a loop filter, a voltage 
controlled oscillator and code sequence generator. 


The received signal is correlated with an early spreading 

A 

waveform C(t - T. (A/2) T ) and a late spreading waveform 
, d c 

! * 

C(t - T^ "(A/2)T ). A is the total normal time difference between 
' d c 

the early and late discriminator channels. 

Assuming operation of the delay lock discriminator aa a 
static phase measuring device in a noiseless environment i.e. T^ 
and are fixed. The discriminator output will contain a 
component which is a function of 


6 



output of early correlator 




5.1. Conceptual block diagram : baseband 
delay-lock tracking loop. 
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y C t , ) 


Kj Y j p(t - T^) p(t - + I T^) 


output of late correlator 


ygCt. , T^) “ /| P(t-T^) PCt-T^ - I T^) 

In theee expreaaiona, Kj La the multiplier gain and is dependent 
on the particular multiplier hardware Implementation. The input 
signal haa been divided by Yz to account for power division and 
noiae haa been ignored. Then error signal is 

«Ct. T^) - y^Ct, T^, T^) ~ y^Ct, T^, T^) 


- K, /| p(t - T^) [pct - - I T^) - p(t - + I tJ 

a 

The d.c. component of the error signal «Ct, T,, T.) is used for 

d d 

code tracking. The time varying component, which is also a 
function of S, ia called self noise but it is filtered out in loop 

a 

filter. Let d.c. component of c(t, T^, T^) ia denoted by 


Yf 

2 






NT ^/2 

and Kj/| (T^, = Ur J PCt-T^)[pCt - | T^) 

c -NT^/2 

W 


- •>(* - K * I « 


where NT is period of code p(t). 

c 
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So therefore, taking in account auto-correlation function of 

pCt) 

°A ^d^ = *^c ^^d " ^d “ I ^^d ~ K * J 
= *C [<- - §) ^c] - * |) tJ 

If we take A 2 hit« then two locally genetaed sequences, namely 
early PN and late PN code, are shifted by two bits. Then 
system chara*-! eri«» i*r in difference of two correlation functions. 
Responne of two correlators and system charaeterlstic is shown in 
Pig. 1.6. linearly related to 6 . Linear region is 
normal operating region foi the tracking loop. 

The aummed correlated output is filtered and is used to 
control tlie receiver clock. The receiver code will track the 
incoming code at a point halfway between the maximum and minimum 
of the composite con elstor output 114, Chapter 9, Page 420-42S]. 

An we have rlisctinasd and developed appropiate structres for 
transmitter and receiver, in next chapter we will describe the 
hardware realisations of the developed system. 



CHAPTER -4 


SYSTEM REALIZATION 


In the lest ch&pter we diecueaed the ayateoi at the block 
diafiraw level and developed appropriate tranamitter and receiver 
atrueturea. Towarda implefflentation of the achesie we diacuaa, 
here, the detaila of hardware realization. 

Ue have implemented the tranamitter circuit. A aoftware 
program haa alao been developed to atudy the receiver atructure. 
A brief deacription of tranamitter hardware and receiver aoftware 
ia given below. 

4.1 TRANSMITTER 

4. 1 C 1 D Brimf Outlay 

Ue implemented tranamitter for information at data rate 64 
kbpa . Thia bit rate ia aelected in accordance of the bit rate of 
digitized voice aignal. Since for voice digitization PCH 
modulation ia generally uaed and rate of PCH modulated voice ia 64 
kbpa, therefore bit rate of 64 kbpa la aelected for implementation 
of the tranamitter. Operating frequency of the tranamitter la 
chooaen to be 4 MHz. PN code aequence ia generated at 4 Mbpa. At 
4 MHz, we were able to uae the exlating TTL devicea in atore. 
Alao, 4 MHz provldea large enough proceaalng gain (64). Higher 
frequency can be uaed if available componenta are faat enough. 
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Blocka of data at t Mbps caa ba ua.d in tha highar hiararchy of 
the digital tranamiaaion. 

A baala block diagraai of tranamitter la ahown in Fig. 4.1. 
Here analog voice aignal la converted to digital data atream. 
Voice la digitized by PCM anodulatlon. 

Analog voice aignal ia paaaed through the PCM filter to 
lieiit the bandwidth of voice. Bandwidth linited voice aignal ia 
aubaequently modulated by a PCM modulator. PCM modulator digitzea 
the analog voice aignal. Output of PCM modulator conatitutea the 
information. Data rate of aignal la 64 kbpa [aince filter 
reatrlcta the bandwidth upto 4 KHz and aampllng rate la 2x4 = 8 
kbpa, and PCM modulator uaea 8 bita for modulating one aampled 
value. Therefore, bit atream at the PCM modulator output ia at 64 
kbpa (8 kbpa x 8)]. 

In actual implementation of tranamitter circuit we generated 
data at 64 kbpa by a PN code generator of length 2^”^. Thia 
paeudo random aequence replaced the digitized voice in Fig. 4.1. 
PN aequence ia generated uaing maximal length linear feedback 
ahift regiater of length 6. Thia data ia added (Mod 2) to the PN 
code. Clock input to data generator la 64 kbpa and ia obtained by 
dividing 4 MHz clock. 

Ue needed clock at 4 MHz frequency. For generating atable 
clock, a eryatal la uaed. Since 4 MHz cryatal waa not available 
in atore, a cryatal of 8 MHz frequency waa uaed. Thia clock of 8 
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HHa frequency la dovn converted for uee in date generator Cf« 
kbps) and In PN code generator (4 MHz). 

4.1 €25 Hardware Description 

In thi« section we will briefly described the details of 
transailtt er . It will be discussed under following subsections : 

(a) Clock generator 

(b) Code generator 

(c) Data transmitter 

(d) Voice transmitter 

Standard low power TTL devices are used for realization of 
various blocks, because highest operating frequency of the system 
(4 MHz) is well within the limiting frequency of standard TTL 
devices. For higher Frequency, fast TTL (74 F series) can be 
used. 

CaO Clock Ganarator 

Clock is generated using 8 MHz crystal. Crystal is used 
with inverter (74LS04) and other passive component. Circuit 
diagram of clock generator is given in Fig. 4.2. 74LS04 is a hex 
inverter. We have used two of its inverters. Crystal is 
connected between Pin 1 and 6 of 74LS04. Clock is generated at 
pin 6 of 74LS04. This is followed by a Schmitt trigger (74LS14) 
to smoothen out the ripples. A sketch of generated clock is shown 
in Fig. 4.2(b). Rise time la 18 nsec, and fall time is 25 nsec. 
Ripple of .4 V is observed in the clock. 



CRYSTAL 



Fig, 4,2 (b) Clock wavefoim. 





This clock ia used 


as the base clock for 


the entire 


circuit . 

CW Code Generator 


Structure of fienerator for Gold codes has been discussed in 
section 3.2. In Fig. 3.4, conf leuration for code e^nerator is 
shown. It has two shift registers (l and 2) of length 13. 
Initial conditions were also specified in Chapter 3. shift 
register 1 and 2 are implemented using 74LS195 (4 bit parallel 

access shift register). Four 74LS195 are cascaded for each of the 
two registers. 74LS86's (EX OR) are used for EX OR operation (Mod 
2 addition). It is needed to provide feedback connection. Ue can 
apply initial conditions to shift register by using parallel 
loading in 74LS195. Pin number 9 of 74LS195 is provided for this 
purpose. If signal at this pin 9 is low, parallel loading is 
accomplished and if signal is high then shifting is accomplished. 
Therefore pin number 9 has to kept low and initial conditions are 
applied at input pins (4, 5, 6 , 7). As we apply clock pulse at 
pin number 10, these initial conditions are transferred to output 
of shift register and at this stage associated circuitry raises 
level of signal at pin 9 to high, thus enabling serial shifting. 
Pin number 2 and 3 are tied together and this is used as serial 
input. Associated circuit OR the outputs (thirteen) of register 
2. If there is even single 1 in initial condition, then this 
circuit raises level of signal at pin 9 to high and initial 
condition always has some 1. OR operation for 13 inputs is 
implemented by 74LS27 (WOR gate), 74LS04 (NOT gate) and 74LS00 
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all shift reslater and then EX ORing with the feedback. Now this 
ia feeded back to shift refilster. If all zero occurs in shift 
resi®ter , then this provide a *1* to the shift register. 


For data e*ftetator we need clock of 64 KHz. This is 
generated by dividing base clock of 8 MHz. For above purpose, 
synchronous 4 bit counters (74LS161) are used. Two 74LS161 are 
used in cascade such that it works as 6 bit synchronous counter. 
After the count of 63 (2^-1) it resets the counter. Reset pulse 
is generated by 74LS30 (8 input NAND gate). Inputs to 74LS30 are 
parallel outputs of counter and when count is 63 then all inputs 
to 741.S30 are high (logical 1). Hence output of 74LS30 goes low 
and reset the count to zero. This reset pulse is applied at clear 
input of 74LS161. Counter’s output are ORed to generate negative 
pulses of frequency 128 KHz (8 MHz/2^). ORed output dips to 0 
when counter’s count la zero. So it gives negative pulse of 
duration 1/8 ^sec. OR operation for 8 inputs is implemented by 
using 74LS27 and 74LS00. These pulses are used to generate 64 KHz 


clock by feeding them to clock input of edge triggered JK 
flip-flop (74LS112). This JK flip-flop la used in toggle mode 
l.e. J and K Inputs are tied to 1. Output of 74LS112 is desired 
clock of frequency 64 KHz with duty cycle 50%. Clock is then 
passed through a line driver (74LS244) and is subsequently used to 
drive the data generator circuit. Circuit diagram of data 
transmitter is shown in appendix A. 
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Information data at 64 KHa la apreaded by PN Gold code at 4 
Mbps in 74LS86 (EX OR) output ia dealred apreaded data and can be 
uaed to modulate a RF carrier. 

Voleo Tranamlttor 

It ia eaaentially the aame aa data tranamitter with a 
difference of data generator. Here, inatead of data generator. 


voice is quantized and 

PCN modulated. 


Intel 

2912 

is 

used 

as 

filter. 2912 requires 

clock 

frequency 

of 2 

HHz 

and 

this 

ia 

obtained by 74LS93 employed in 

code 

generator 

circuit . 

If 

we 

connect (pin 12) of 

74LS93 

to pin 

1, 

then 74LS93 

u 

o 

as 

Hod 


4, Nod S, Nod 16 counter. Output ia taken at pin 9 which gives 2 
HHz clock. Filtered analog signal ia passed to PCH coder. 
Circuit diagram ia given in appendix A. 

If baseband apreaded data ia uaed to phase modulate RF 
carrier, then there ia inherent phase ambigiuty in the 
demodulation circuit. Thia makes impossible to decide whether a 
current bit supposed to be a 1 or 0 without more information. 
This ambigiuty ia due to reason that recovered carrier could have 
started in any of the phaaea. In BPSK modulator, this ambigiuty 
ia resolved by encoding 1, 0 atream in such a way that a zero 
produce a change in level while a one will maintain the same 
level. Thus a phase change will result if the data bit is zero 
while a one will produce no phase change, which resolve the 
ambigiuty. Now this data la apreaded with PN code. Fig. 4.4 
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.hswa the ehCOdlna and d.eodlna blocks for data nnbleluty 
resolution. 

Since we have used only baseband sifinal we do not need to 
implement the above discussed encoding and decoding blocks. 

4.2 RECEIVER 

Structure of the receiver was developed in section 3.3. in 
receiver we have to generate the replica of the PN code sequence 
used in transmitter. Receiver code sequence has to be in 
synchronism with the received signal. A scheme based on delay 
locked loop (DLL) was proposed in section 3.3. A schematic 

diagram of the proposed receiver is shown in Fig. 3.5. In this we 
used two correlators. Based on the output of these two 
correlators an error signal is generated which Is used to drive 
the clock used in receiver characteristics of the receiver was 
shown in Fig. 3.6. 

He developed a software program which simulates the 
operations of DLL. Program uses various functions which will be 
described latter on in this chapter. Flow chart of the program is 
given in Fig. 4.5. Fig, 4.5Ca) shows the flow chart of the 
transmitter simulation. A PN code with the help of function 
MLC-GENERATE, la generated. Program accepts the data and adds it 
to PN code. Since information data rate and code data rate are 
different, information data is expanded by a factor of processing 
gain. Function EXPAND expands the data by a desired factor. Now 
data is called modulated data. To simulate the delay in channel, 




Fig. 4.5(a) TRANSMITTER FLOW CHART. 






Fig, 4,5 (b) Receiver Flow Chart 










each bit i» expanded by a factor named bit fraction (/3). Bit 
fraction (/I) ia proarammed to be a variable parameter. Now one 
bit ia repreaented by ft bite and it ie tranamitted data. 
Transmitted data ia now shifted by desired bits and desired delay 
is produced. One bit shift is equal to T /ft delay. Function 
SHIFT shifts the data. 


This delayed sequence is used as received signal in 
receiver. This can also be corrupted by another sequence. 
Receiver's flow chart is shown in Fig. 4.S(b>. In receiver, we 
generate same FN code as used in transmitted. As described in 
section 3.3, two shifted versions (early and late codes) of PN 
sequence are generated. Early and late PN codes are expanded by ft 
(as the transmitted sequence was expanded by same factor). Now 
expanded early and late codes are now shifted by H. If is a 
running parameter which depends on error signal. H is initialized 
to 0. These shifted codes are correlated with the received 
sequence. Function CORRELATE correlates the two sequences and 
gives d.c. value as output. Next error signal is calculated by 
subtracting two correlators output. This error signal (E) ia now 
checked for controlling the receiver clock. If E > 0, program 
decreases M by one, and returns back to shift the receiver code 
by M and again examine the error signal. If E < 0 then program 
increases H by one and shifts the receiver code by M. This 
process is repeated until error signal Is nearly equal to zero. 
When E » 0, then receiver code la aligned to received signal. Now 
program shift p(t) by M and despread the received signal and 



data 
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information data ia obtainod by compreaaing the demodulated 
by ft. 


Varioua functiona uaed in receiver are breifly deacribed 
below : 


MLC GENERATE 

Thia function takea ahift reglater alze, initializing 
conditiona and poaition of regiater at which clock la drawn, aa 
input. Thia function generatea clock aa dictated by irreducible 
polynomial. Function alao concatenate code aequence N timea. 
Integer N la alao input to function. N dependa on number of data 
bita. Output of function ia repeated code aequence. 


FUNCTION EXPAND 

Thia function accepta the aequence aa input clock and givea 
out a aequence. Output aequence ia expanded by a factor called 
expand-acale. Size of the input la alao input to thia function. 


Fl/MCTIQH SHIFT 

Output to thia function are input aequence, aequence alze 
and direction and magnitude of ahift. If ahift parameter is 
poaitlve then function ahlfta the input aequence towarda left and 
if ahift parameter la negative the function ahifta towarda right. 
If ahift parameter la aero then unahlfted aame aequence ia 


returned. 



giniCTlON CORRELATE 


Thia function accapta two aequonee and returns their 
correlated value as d.e. value. Clock size of input clocks is 
also given as input to function. 

Prograift listing of above described software is appended in 


appendix. 



CHAPTER - 5 


CONCLUDING REMARKS 

In thla chapter, difficulties faced in implementing the 
scheflie and efforts to overcome these difficulties are presented. 
Ue conclude by suggesting further work which could not be carried 
out due to paucity of time. 

S.1 difficulties; faced im implementation 

In this work, we tried to exploit the multiple access 
capability of the spread spectrum technique. Ue implemented a 
transmitter circuit and generated a set of Gold codes, suitable 
for code division multiple access. Transmitter circuit was 
working satisfactorily. Frequency of operation was 4 MHz but it 
can be changed to higher value with use of faster devices. Ue 
also designed a transmitter for voice but it could not be 
implemented because of some problem in filter I.C. (Intel 2912). 
This I.C. worked properly but whenever we switched off the power 
supply, it developed some problem and did not work further. 
Probably it was very much sensitive to spikes present in power 
supply. He tried to reduce effect of spikes by using capacitors 
across the power supply. But we could not use this chip. 
Therefore we fabricated a data circuit to use in place of voice 
input. This data circuit was essentially a PRBS generator of 
length ( 2 *^ - 1). 
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Noiae apikea were obaerved in the tranaiti , , 

'v ons or the 

generated PRBS from 'O’a to 'I'a and from 'I’a to ’C^,^ 

clear PRBS, effective decoupling waa uaed at evet-.^ ^ 

y ^cc 

terminal. Thia waa done by uaing parallel co*Vibinatlon of 
electolytic and ceramic capacitora. Both the eapacitoj^^^ should be 
uaed to provide amooth filtering over a wide range of fj^^quenelea . 
One of the capacitora muat be of higher value tha*.^ other 

capacitor. Uaing thia combination tranaitlon i^ brES were 
reduced . 


Due to paucity of time we could not implement hardware 

for receiver. But the functlona of DLL receiver were studied by a 
aoftware almulation. If the time delay in channel within 2 

bita then DLL waa able to track the received aignal. Therefore, 

acquiaitlon circuit ahould be able to limit the delay 
bit time. It waa alao concluded that when number of uaera were 
below the upper bound, demodulation waa nearly error 


B.a SCOPE OF FURTHER IMPROVEMEMT 


Syatem can be further improved by certain 
modif icationa . Firatly, aince the receiver waa not impieinented, 
receiver can be implemented either by uaing the scheme or 
by uaing aome other acheme. Specific dedicated chipei could alao 
be uaed to optimlae the circuit deaign. Theae apeci^^^ could 
be cryatal controlled oaclllatora, SAU delay llnea Theae 
dedicated ehlpa can be very uaeful in high frequency <a.ppl icationa . 
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Erf oc coc IT fiction coding c&n Also bfi used to iiuprovfi tbfi 
performancfi o£ ayatfim. Aa an indication o£ tha improvement that 
can be obtained with appropriate error-correction techniquea, a 
table ia given below [1] 


Tabla 5a 1 s Comparison of coding itochniquos 


Technique 

Required 
channel P 

o 

Required 

Eu/N 
b' o 

Complexity 
(no. of ICa) 

No coding 

lO"^ 

11.7 

- 

r = 1/2, conv. 

0.0266 

10.2 

10 

Golay (24, 12) 

0.0266 

10.2 

20 

Block (48, 24) 

0.029 

10.0 

60 

r = 1/3, conv. 

0.082 

10.7 

(Viterbi) 80 

r = 1/2, conv. 

0.064 

9.4 

(Seq.) 500 


By uaing error corection codea, higher channel error probability 
can be tackled with reduced required O£course complexity 
o£ the ayatem inereaaea quite aigni£icantly. Convolutional codea 
are extremely efficient in thia regard, although the complexity of 
the decodera may become quite aignificant. Attempta ahould be 
made for implementation of ayatema with higher proceaaing gain. 
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4- MHz. clock 



PN CODE GENERATOR 















DATA TRANSMITTER CIRCUIT 



main PROGiRAM 

•includ* <stdlo.h> 
fdeflne count 6 
♦define bi t„f r^ct ion 10 
«d«fln« dot«_siz«- 3 
#d*fln# LIMIT 10 
int tnitioXlzeliOJ ; 

Int d4T« C 1 003 , d«inod^d«t« C t 00003 ; 

Int cod^Et 0003 , <»xpancl_datd Cl 0003 , modulata^slgnal Cl 0003 ; 
int clock^rxO Cl 0003 , cIocK_rx 1 Cl 0003 , clock^rxSCI 0003 ; 

int #xpand_«oduUtaCt00003 . clock_rx0_«xpand Ct 00003 . clock_rxS_#xp«nd Cl 00003 , clock rxl oxpandCf 00003 
Int t»p_clocK0C100003 ,tiDp_clock1 C100003 ,t»p_clock2C100003 ; "" "" 

Int rx^signal Cl 00003 ; 

Int dc.value; 

■iain( ) 

Ci nt i , j , k ; 

int dc^vs lu©_t , dc_value_2 ; 

int sc'q^length, 

int shi fi^t X , shif t^rx ; 

int locfc*-i;/*»0 for locking of rx elsa » -1 a/ 
shifter x“0 i 


printf«'‘i/p channoi delay in terms of bit fraction "); 
scanf ( '‘?:d«.Ashift_tx) j “ 


ini t ial ise £03 = 1 j 
init lal izeCi 3«0; 
init iali2eca3»0; 
lnitiallzeC33«>0; 

Init ial i ze Ee3»0; 

Inlt lali2eC53»0i 
dataC03«0; 
data£t3«i; 
dataca3»0; 
data C33 «o ; 
data £43 « ! ; 
dataC53»0 
dat a C63 ; 

seq^length^power (£,counter_size)-l i 

mlc^generatel^code. 1 , init ial ize,counter_slze,data_Bize'«>1 ) ; 
prlntf C "ale sequence"); 

for ( i»seq_length»(data_size+l J-1 ; i>«0; i— ) 
printf (")id%codeCi3 ); 

expand! Adata, iexpand_datai secL.length’f*! idata.size) ; 

printfCNn data * " ) ; 

for ( i»dwta^size-t ; i>«0; i — ) 

pr intf t-^Sd^dataCil ); 
printf < "\nexpanded data » "); 
for( i*data^sizf t ( seq_length+ 1 >-) ; i>*0; i— ) 
pr intf r'J.d" ,expand_dataCi3 ) ; 
for t k«0 ; k <* ( seq^length+l ) adat a_.size“1 ; k++) 
inodulate^signal Ck3 *expand_data Ck3 ^code£k3 ; 
print f (" \naodulated sig "); 
for! i«csat assize* !seq_leng»h+l )-!; i>*0; i — ) 

print f t "J.d" i modulate^s ignal Ci3 ) ; 

expand i Aniodulate^signal , 4exp*ni_ffiodulate,bit_fract ion, Cseq_length+t ledata.slze) ; 
pr intf < *‘\ntransait sign « *' ) ; 

for t iJfftbi Infract ion*^!seq_length+l ) -iat assize- 1 ) ; i>«0; i — ) 
pr Int f f ">;d* , expand^modulate E*’’ ) ; 

shift i iexpsnd^aodulate, drxisignal ,bit_i ractionsdata_sizee{seq_length+1 ) ,shift_tx) ; 



print fC “\nr#celved «ign • 

fort i=t it^frdct ion* ( seq^Iength-^l ; i>»0; i — ) 

printf < "Jid** , rx_sign«l £i3 ) ; 

iBlc_ 9 enarata(iclock_^rxO, 0, in itializ«« count or^sizoidata^siza-ff ) ; 
pr intf t “\nclock^rx0 « " ) j 
fort ia 5 ^q_length» (data_size+$ )-l ; i>*0; i — ) 
prim ft '‘%4d” ,clock_rx0Ci3 ) ; 

inlc_gon«rate(4clocK_rx2,2, init iai iz«<count«r_«iz««data_slza‘f1 ) ; 
printf t "\nclock_rx2 « **)i 

for t i»s^q_longth^ t data_fiiza+i J-1 ; i>»0; i— ) 
pr int f t , clock_rx£ Ci3 ) j 

expand ( 4icl oc k_r x 0 , c 1 ock_r x O^expand , bit^f ract ion , ( data_siz«ef ) «aaq.l«ngth ) i 
pr int f < *’\n€xpand^c_rxO « " ) ; 

fort iabit^fract ion* ( data_s ize+1 )»se<L.l«ngth-1 ; i>*0i i — ) 
pr intf t ":^d “ , clock^rxO^expand Ci3 ) ; 

expand > Ac lock_rx£ , clock_rx2_expdnd, bit_fract ion, (data^sizeel >aae<|_i«ngth) ; 
pr int f i ** ’-nexpand^c^r x2 * 'Mi 

for ( i« { blt^frait ion* < data_si 2 e+t ) *seq_length-1 ) ; i>»0; i — J 
pr intf < "/id'M clock_rx2_€xpandCi3 ) i 


whilet lock f «<J ) 
C 


Shi ft t Acl ock_rx0^expand, At«p_clockO,bit_fractiona**q^lengthe(data.*lze +t ) ,«hlft^rx) i 
printf("\n shifted and expand^c^rx2 « 

for ( i»t bit^fract ion* (data^aize+l )*seq^length*t > ; i>*0; i — \ 
printf("%d“, tmp^clock01Ii3 ) : 

shif t ( Aclock^rxE^expand, At«p^clock2,blt_fract lonMaq^langthetdata^aiza+l ) ,*hlft^rx) j 
pr 1 nt f ( “NncorreXated clocki • *); 

correlaiet Atifip^clockO, 4rx_«ignal,*eq_length*bit_fractlon, Wc^valua^l ) ; 
print f( “Nncorrelated clock2 » 

correXatet Atmp^clocka, Arx_slgnal, «eq_l#ngtheblt^f pact ion. Wc^value^S) ; 
printf ( “\ndc_value_1 * X3d dc_value_2 » X3d •,dc_value_l,dCL.value_e>,* 
dc_value*dc_,value_1 - dc^value^2; 

iff dc_.value> LIMIT ) 
shifT_rx*+; 

else if tdc^value<-LIMIT) 
shifT^rx — ; 

else 

C 

Xock*0; 

3 

printfCXn shift » XSd receiver shift* X2d dc^value* X2d“ , shif t_tx, shif t_rx,dc_valu#) 


printft** \n\nNn\nNn\n\t\tL 0 C K E D ! Receiver shift » X3d \n\n •, shlft.rx); 

mlc^gerieratet Aclock^rxi , 1 , init ial ize,counter_slze ,data_size+1 ); 
pr intf { "\nc locker X I » " ) ; 

for(i«seq length* tdata^size+l )“l ; i>*0; i—) 
printf ( "X4d'' ,clcck_rx2Ci3 ) ; 

expandt Aclock rxl .clock ri :t_expand,bit_fract Ion, tdata_size+f )*seq_length) ; 

shift t Ac locl._rxl_expand74tiR, _clockl ,blt_fractloneBeq_lengthe(data_slze+0,shlft_rx)j 

pr i nt f f *' S nVn\n DEMODULATED DATA \n\n"); 

for ( i «0 , 1 <:«b it^.f ract ion* t seq^l : ngth*1 )*data^size-1 i 1++) 

C 

demod^daia Ci3»Tmp_clock1 Ci3 ^ r x_signal Ci3 j 
pr i n t f i **Xd “ , demod^dat a I i3 ) $ 



functions UffED 6 Y MAtM P«0«iftlM 

sh4.ft ( in_cign«L , op_cignal , signal^siz#, direct ion ) 
tn« diroct lon;v'^' »-i — >*hift right; *1 — >*hift lofr*/ 
int signal^slzoi /« size of In^signal sequence »/ 
inx ein^signal, ♦op^.signel; 

< 

i nt i , 3 ; 

if (direction*« 0 > 

fort J« 0 ; j <»signai_size- 1 j J++) 

♦lop^signal + j )* »tin^signal +j); 

if (direct ion>“l ) 

{ 

f or < j*0 ; 1 < “direct i on-1 ; j++ ? 

* { op^signal**- j )* 0 ; 

for < i«C‘ i i <«s ignal^size-direct ion-1 ; i++ ) 

>» ( op_signai + i+direct xon)»*( in_signal+i ); 

} 

If (direct ion<*-l ) 

C 

direct ion*- direct i on ; 
f or ( j* 0 ; 3 (“direct i on- 1 ; j++) 

♦ t op^signal+signal^size - j )* 0; 
f or ( 1*0, i (“signal^size-direct ion-1 i i++1 
.1 ( op_s igral+ i J «< ( in_s ignal +direction+ i); 

} 

> 

correlate (c lock 1 , c locks , clock^size ,dc_value) 

Inx eclockl , eclockS; 

Int clocK^slze, edc^valuei 

< 

int l,j; 

Int corr^clock Cl 0003 ; 
edc^valueaO i 

fort i» 0 ; i <«clock^size-l ; i+e) 

C 

corr^clock Cl3*e(clockl e 1) 4 e(clock2 * 1); 
print ft "Xd" , e t corr_clock+i ) ) ; 

♦dc_vaiue»*dc^valu# + corr^clock Ci3 ; 

3 

> 

expand t In^clock , op^clocK , expand^scale, size^input ) 

int ein^clock , Jifop^clock ; 

int expand^scale, size^input; 

i. 

int 1 , 3 ; 

for ( j» 0 i j <«size_lnput-t ; 3 ++) 

C 

for t 1 = 0 ; i <“expand_scale - 1 ; i++) 

♦top^clock + j eexpand^scale + i) * etin^clock + j); 

} 

3 

wlc^genera let clock , bit , ini t ia i t ze , counter^size, sultiply ) 
int eclock ; 

int blti/f gives the tap for the sequence ♦/ 

int suitiply, factor for which t jltiplication of ml - sequnce*/ 
int init ial iiell 03 ; 
c 

int l,j,t«n)p, 

int t Cl 05 ; 

int I cc t ze ; 



clock_si 2 e«power( 2 ,count«r_sl 2 «) -1; 
for( i = 0; i (sscounter^sizfr-f ;i++) 
b Ci3»iniTz«l izfrCiS j 
for( 1*0; l<*cIock_si 2 *-l # i++> 

< 

»< ciocfe*»- 1 ) «bEbiT3; 
tfi»p*b £03>'b C13 ; 
br03*brt3 ; 
bcn*bce3 ; 
bC23«br33 ; 
bC33«bC43 ; 
bE43»bC53 ; 
bC53 *tftaip; 

} 

f or( js 1 ; M *n»ulT ip 1 y ; j + -*- ) 

€ 

for(i*c,i<»c I ock^s 1 ze- 1 i t++ ) 

4 (clocK + clC‘Ck_sizes»'< j-t ) +i) * ««{ cIo£k*ki ) ; 


? 

3 

Inc powert t , r.)/*c3lc'jl5t«s where x is integer snd n is positive integer*/ 

inx x,n.; 

c 

int 1 , p , 
p«1 ; 

f or( i «n ; 3 >* 1 ; i — > 
p«p*x; 
return(p)i 
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